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Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this recissue specifi-
cation; matier printed in italics indicates fhe additions
made by reissue.

The invention is particularly useful in providing a fuel
comprising for example powdered metals which burn
easily and quickly to produce ultrahigh heating tempera-
tures and high velocity gases and such as heretofore has
not been attained with conventional fuels.

It is a principal object of the invention to provide a
catalyzed powdered metal useful as a suitable fuel in jet
airplane engines, gas turbines, explosives, propellants,
rockets, power plants, and the like, as used in the fields
of aviation, rail transportation, agricultural distribution
systems for fertilizer and insecticides, destruction of vege-
tation, and as may be useful for military purposes as for
example flame throwers, fire bombs, etc.

It is another object of the invention to provide a com-
position useful as fuels, explosive products or as ignition
catalysts for initiating and promecting high temperature
reactions and high velocity hot gases.

It is another object of the invention to provide a com-
bustible composition which has very short flame propul-
sion area and which exhibits an accelerated rate of com-
bustion due to the highly pyrophoric character of the fuel
mixture.

It is another object of the invention to provide a pow-
dered metal fuel mixture which may be used in the form
of a slurry containing metal and auto-oxidation catalyst
dispersed in a liquid hydrocarbon, and which produces
large amount of exothermic heat during combustion.

A still further object of the invention is to provide a
method for accelerating the combustion of powdeerd
metals and the like materials whereby the flame spreads
through the mass of fuel and brings about the exploding
and rapid distintegration of each of the particles of the
metal, The powdered fuel mixture of the invention is
characterized by exhibiting a high flame speed during
combustion and the production of a high pressure area.
By utilizing a proper concentration of the metal dust,
and auto-oxidation catalysts, and dispersing the same
while introducing a sufficient supply of air or oxygen to
provide for complete combustion of the metal dust, maxi-
mum evolution of heat is obtained during combustion of
the dust.

In accordance with the invention, a basic process is pro-
vided for obtaining the maximum heat of combustion
from fuels especially powdered metals. The invention
will be described more particularly with reference to the
use of powdered aluminum and magnesium metals, how-
ever, other combustile materials, of similar nature also
may be used or admixed therewith to provide an im-
proved fuel.

In preparing the fuel mixture powdered metal mate-
rial, for example aluminum or magnesium metal particles
are mixed with a catalyst such as a metallic soap. The
particle size of the metal is generally on the order of 20
microns or less and preferably a micron or less in diam-
eter. This mixture of metal dust and metallic material
may be used as a dry powder fuel or admixed with liquid
hydrocarbon to form a slurry.

To catalyze and enhance the combustion rate of the

10

20

30

40

50

60

65

70

2

powdered metal materials and produce a high tempera-
ture reaction, there is introduced a small amount of a
metallic soap or mixture of such metallic soaps, for ex-
ample 0.1 to 5% by weight of the powdered metal con-
stituents comprises a metallic soap such as a stearate,
palmitate, oleate, ricinoleate, etc., of aluminum, magne-
sium, titanium, zironium, tin and the like which com-
pounds exhibit auto-oxidation catalytic properties. The
metal particles of the fuel mixture are in the form of
dust or flakes, with metallic soap being preferably coated
on or admixed with the flakes of metal, e.g., aluminum
metal flakes coated with aluminum stearate forms an
excellent fuel mixture. Mercury metal in small amounts
e.g., 0.1 to 1% by weight of the fuel powder mixture
also may be added to enhance the catalytic action. Mer-
cury compounds, such as mercury peroxide or fulminate,
may be used in place of mercury metal for this purpose.

Where the fuel is to be employed as a liquid, the metal
particles in the form of flakes or dust and catalytic sub-
stance are dispersed in a liquid hydrocarbon, for example
kercsene, gasoline, diesel oil, etc., which provides a liquid
combustible carrier for the powdered metal materials.
Such a fuel is useful for operating jet engines and high
temperature fuel operated prime movers, and where the
maximum B.t.n.’s are to be extracted from the burning
fuel in a predetermined time.

For promoting the oxidation and increasing the speed
of burning of the fuel, a peroxide such as hydrogen or
benzyl peroxide etc. may be introduced into the fuel
mixture initially or during the burning of the same. For
this purpose 0.5 to 2% by weight of the fuel solids may
comprise a peroxide.

As specific examples of the improved powdered metal
fuel of this invention aluminum metal dust, preferably
as powdered metal foil of a particle fineness of an aver-
age size of one micron is coated with aluminum stearate
(0.1 to 5% by weight of the powdered metal mixture).
In place of aluminum metal, magnesium metal or other
readily oxidizable metals such as zinc, tin, zirconium,
titanium, etc. metal particles in the form of dust or flakes,
may be used. Aluminum flakes coated with a small
amount of aluminum or magnesium stearate, or the like
metallic soap as aforementioned provides a suitable fuel
mixture.

The metallic soaps utilized as auto-oxidation catalysts
are preferably salts of metals in groups II, IIT and IV of
the periodic table, representatives of which are the stea-
rates or palmitates of aluminum, magnesium, titanium,
zirconium and tin.

The powdered metal foel mixture also may be used in
the form of a slurry, the same being admixed with liquid
hydrocarbon. For example, powdered metal such as alu-
minum metal flakes, with metallic soap, €.g., aluminum
stearate is introduced into a liquid hydrocarbon carrier
such as gasoline, kerosene, fuel oil, or the like. This
slurry of oil and metal particles may be sprayed into a
combustion chamber of engine and mixed with air or
oxygen and burned. In general, one to twenty-five parts
of the solid fuel constituents to 100 parts by weight of
the liquid hydrocarbon provides a suitable liquid fuel
mixture. Higher or lower proportionate amounts of the
liquid hydrocarbon and powdered fuel constituents may
be employed as needed, to provide a fuel having the
requisite consistency and burning characteristics desired.
The powdered metal may be mixed with the liquid hydro-
carbon either before or during burning of the fuel. Ad-
ditional oxygen in the form of peroxides, e.g., benzyl
peroxide may be added as a supplement to air for increas-
ing the speed of burning or combustion of the fuel mix-
ture as aforementioned.

The presence of the auto-oxidation catalyst in suffi-
cient amount of catalyze the reaction is an essential con-
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stituent of the powdered metal fuel. The metal particles
which are combustible and tend to vaporize readily pro-
duce a high temperature reaction during the combustion.
The very high temperatures produced during the catalyzed
reaction cause the metal particles to be rapidly disinte-
grated and vaporized. The combustion of the metal pow-
der thus proceeds at a high rate, the high temperature
and explosive action being enhanced by the catalytic ac-
tion of the metallic soap. The high temperatures pro-
duced combined with the violent disintegration and vapor-
ization of the powdered metal particles is believed to
account for the unexpected high calorific values preduced.

Heretofore, in the combiustion of metal particles, the
maximum B.t.u.’s have not been obtained principally be-
cause the initial heating of the particles did not result
in the production of temperatures high enough to dis-
integrate and vaporize the metal and permit air or oxygen
to come in contact with all the powdered metal particles
and support its combustion to completion. In other
words, under conventional combustion reactions using
powdered metals there was always a certain minimum
amount of the particles which were not burned to com-
pletion but passed off as smoke.

In accomplishing the high combustion and maximum

extraction of B.t.u’s from powdered metal material in
accordance with this invention, it is requisite that the
reaction be conducted so that the boiling point or vapor-
ization point of the combustion material be lower than
the flame temperature and that the heat of vaporization
is lower than the energy required to initiate rapid surface
oxidation or combustion.
- The catalytic action of metallic soaps facilitates the
burning of the metal dust and provides a high temperature
reaction so that the maximum B.t..’s are obtained from
the metal dust particles. During combustion of the fuel
the high temperatures produced rapidly transform the
metal particles into gases at high temperatures.

Further, metal powders such as aluminum or mag-
nesium dust when used with a petroleum hydrocarbon
carrier such as gasoline, kerosene, diesel oil or the like pro-
vides a fuel which is more sensitive to ingition and pro-
duces a powdered metal fluid mixture wherein the flame
produced by combustion proceeds more rapidly through
the fuel, than when the dust particles are employed alone.
Moreover, the combustible gases formed by the hydro-
carbon likewise enhance this combustion. The efficiency
of the combustion and high extraction of B.t.u.’s is fur-
ther facilitated due to the catalytic action of the metal
particles such as magnesium or aluminum powder, par-
ticularly in the presence of hydrogen which is formed by
decomposition of moisture present and under the high
temperature reaction conditions during combustion of
the fuel.

In addition to the high rate of reaction and production
of high temperatures during combustion of these metal
dust particles and which comprise oxygen adsorbed on
the dust particles, it has been found that the addition of
a small amount of a metallic soap such as aforementioned,
for example aluminum, magnesium stearate or oleate or
the like, will further accelerate this ignition and flame
propagation during combustion of the fuel. This is prob-
ably due to the fact that the porous surface of the par-
ticles adsorb gas from the surrounding atmosphere and
the metallic soap catalyzes the reaction.

To control the combustion and prevent explosion and
to facilitate combustion an excess of oxygen in the at-
mosphere is preferred and is introduced into the fuel
either from the air or from the use of a mixture of air
and peroxide, as heretofore explained. In this manner
it is possible to produce the combustion at a lower igni-
tion temperature and increase the rate of combustion and
the adsorption of oxygen on the dust particles.

Metal particles such as aluminum, magnesium, zinc
and the like oxidizable material in the form of dust ig-
nited in the presence of metallic soap catalytic agent burns
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at a high rate and temperature. The combustion rate
promoting catalysts produce a pewdered metal fuel which
has a lower explosive limit or temperature, particularly
in the presence of methane, oxygen or air, and results
in the enhancement of the combustion of the fuel.

Control of the combustion and explosive properties
of the powdered metal can be effected by utilizing dif-
ferent oxidizing agents and in various proportions. In
this manner the incendiary action of the fuel may be
controlled so as to either accelerate the combustion or
burning up of the fuel particles or slow down their com-
bustion as may be required in the use of the fuel. Thus,
for making a fuel useful in internal combustion engines
utilizing powdered metal material, the combustion may be
speeded up by the use of metallic soap and peroxide
catalysts so that the mixture will burn and provide the
high temperature reaction gases necessary to propel the
piston in a predetermined time. In other instances where
the fuel is required to burn more slowly, the use of nega-
tive catalysts such as those which do not accelerate the
combustion but tend to decelerate the combustion are in-
corporated in the fuel.

In the case of metal dust such as aluminum dust and
similar metal dust, the ignition of the same is believed
to have an electric or eclectronic origin as opposed to
thermal ignition. The electrical discharges or ionization
is believed to produce ozone and aluminum oxide (Al;O5)
which reacts with the fine dust particles and initiates the
decomposition of the same and flame propagation during
the combustion of the fuel.

The electrical ignition depends largely upon the pro-
duction of a sufficient concentration of charged particles
and which results from electronic collisions due to ion-
ization of the materials or the presence of ions or ionized
particles in the explosive mixture. This electronic phase
of the combustion is believed to play an important role
in the increased efficiency of the fuel of this invention.
The same is substantially true in the case of thermal ig-
nition.

It is also considered to be immaterial whether the
theory of predistillation of dust during ignition and com-
bustion takes place or whether such a theory may be used
to explain what happens to the fuel during combustion,
or whether it involves some other theory for the produc-
tion of the improved results, In the case of the pre-
distillation theory of dust ignition, it is believed that all
dust ignition involves purely a gas or vapor explosion and
that the energy of the ignition source provides heat to
decompose the dust particles thus causing the evolution
of the volatile matter. In this manner the volatilized
gassy particles mix more readily with air and ignite and
the combustion proceeds at a high rate and the heat pro-
duced in turn further heats and volatilizes other particles
not yet volatilized.

One of the objections made to the above theory has
been that the ignition temperature of some dust, includ-
ing coal, are lower than the ignition temperatures of the
gases involved such as methane or the like hydrocarbon.
However, there seems to be some support for the theory
that during the initial heating and combustion of the
dust there is not enough air present at the surface of the
particle to continue to support the combustion, and con-
sequently the temperature rises above the ignition point
of the solid causing it to distill and eventually to ignite,
thus initiating the combustion reaction. !

In the preferred process of carrying out the combus-
tion of the novel fuel of this invention, it is sought to
have the concentration such as will provide sufficient heat
to preduce complete oxidation of the dust particles and
thus release the maximum B.t.u.’s. The heat produced
by complete oxidation of a portion of the dust particles
in the available oxygen is enough to heat the rest of the
dust in the mixture to bring the same to the ignition tem-
perature. Theoretically, neglecting disassociation, the
strongest explosion or greatest explosive force should be
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produced at a concentration corresponding to stoichio-
metric weight mixtures of the fuel ingredients. This can
be computed if the chemical composition of the dust is
known and provided complete combustion of the mate-
rial is assumed to take place. In practice, however,
somewhat richer dust mixtures are found to be the most
explosive.

The adjustment of these mixtures to provide the great-
est heat production is facilitated by the catalytic action
of the metal powder, for example powdered metal such
as aluminum, magnesium, zine, tin, eic. and the fluid car-
rier which is preferably hydrocarbon as described. The
initial temperature, pressure, oxygen content, humidity,
specific heat and heat conductivity of the atmosphere
all are factors which influence the dust explosion. The
presence of oxygen is, of course, a most important fac-
tor.

As a source of ignition it is preferred to utilize a flame
or hot surface. The presence of moisture which normal-
ly is a conmstituent of the mixture is advantageous since
it reacts with the metal powder and similar materials at
the reaction temperatures and results in the evointion
of hydrogen gas. The production of hydrogen gas is
effected particularly at elevated temperatures wherein de-
composition and ionization of moisture is produced.
This reduces the surface oxide coating which would other-
wise tend to form on the particies and thus makes the
fuel mixture highly sensitive to ignition and combustion.

Other pyrophoric metal dust particles may be present
such as finely divided metal powders of iron, manganese,
copper, uranium, nickel, zirconium and others, metal
oxides, hydrides, carbides, nitrides and metal alloys
which also oxidize so rapidly on exposure to air that they
heat and ignite. While there is no apparent agreement
regarding the exact mechanism of the pyrophoric igni-
tion, it is believed that the process varies somewhat with
the type of dust, its fineness and surface character.

The basic discovery in this invention is that by utiliz-
ing a combination of combustible metal dust with coal
dust that the combustion can be achieved and controlled
whereby the maximum liberation of gas and heat results
from the reaction. The pyrophricity of these dusts, as
hereinbefore mentioned, is believed to be related to a
metastable internal equilibrium in the powders. Thus,
one of the advantages of utilizing these dusts of pyro-
phoric character, such as aluminum and/or magnesium
metal dusts, is that with a sufficient dispersion of these
extremely fine particles, the same will seif-ignite by an
eiectrostatic spark discharge within the cioud of dust.

Particularly satisfactory results have been secured with
dust samples of finer than 200-mesh. This fuel can be
passed through an electrically heated cylindrical alundum-
core furnace construction for ignition. The ignition tem-
peratures for the dust will range from about 200° C.
to more than 1000° C. These figures depend upon the
dispersibility, fineness, uniformity of the dust, the ignition
source, the timing of ignition and the interpretation of
what constitutes limiting flame propagation.

The igniting energy of these dust clouds vary with
the fineness, the moisture content and somewhat with the
concentration in the cloud. For instance, undispersed
layers of zirconium powder have been ignited by sparks
of less than 1 microjoule (1 muj.) energy while other
dusts take considerably stronger sparks. The igniting
energy of dust clouds in air ranges from about 10 milli-
joules (10 mj.) to several joules.

The igniting source generally preferred is a high volt-
age induction spark. When these dusts are thus ignited
the pressure is developed to mere than 150 1b./in2 and
rises to an average rate of pressure of about 5000 1b./in.2
per second and the maximum rates to more than 10,000
1b./in%2 per second. When using a high voltage con-
tinuous induction spark and dispersing the dust through
a furnace at 850° C. a satisfactory resuit can be secured.
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The minimum concentration of coal dust that will
propagate large-scale explosions is approximately 50
mg./liter (0.05 oz./ft.2) of air. - Pressure is nearly
150 1b./in.2 and flame velocities in excess of 6000 ft./sec.
have been accomplished by the employment of the ther-
mal properties of the metal dust and the catalysts,
e.g., aluminum flakes and similar other dusts. As here-
inbefore stated, in the presence of a liquid hydrocarbon
fuel and oxygen, it is possible to achieve temperature
and gas velocities of great magnitude and by adjusting
the fineness of the materials involved, the amount of
moisture present and the oxygen, the maximum energy
can be released.

It will thus be seen that the present invention pro-
vides a novel fuel and method of producing high tem-
perature combustion reactions, and wherein metal dust
particles form a principal constituent.

Further, the invention provides a fuel wherein a
catalyzed metal dust is utilized to produce a high tem-
perature fuel and wherein the maximum B.tu. values
are obtained.

It is understocd that various changes and additions
may be made in compounding the fuel of this invention
and that the proportionate amount of ingredients may
be varied over a relatively wide range, depending upon
the particular use to which the fuel is to be put. Such
changes and variations are contemplated to come within
the spirit and scope of this invention, and which are
more particularly set forth in the appended claims.

What is claimed is:

1. A fuel consisting essentially of a liquid slurry com-
posed of liquid hydrocarbon, and as solid fuel con-
stituents finely divided metal selected from the group
comnsisting of aluminum, magnesium, titanium, zinc, tin
and zirconium, and aluminum stearate in the amount
of 0.1 to 5.0% by weight of the finely divided metal,
said solid fuel constituents comprising from 1 to 25
parts per 100 parts by weight of said liquid hydrocarbon.

2. A fuel consisting essentially of a liquid slurry com-
posed of liquid hydrocarbon, and as solid fuel con-
stituents finely divided metal, and a metallic soap, said
finely divided metal being selected from the group con-

'sisting of aluminum, magnesium, titanium, zine, tin and

zircomium, and said metallic soap being selected from
the group consisting of the stearates, palmitates, ricin-
oleates and oleates of the metals selected from the group
consisting of aluminum, magnesium, titanium, zirconium
and tin, said metallic soap being introduced in the amount
of 0.1 to 5.0% by weight of the finely divided metal, and
said solid fuel constituents comprising from 1 to 25 parts
per 100 parts by weight of said liquid hydrocarbon.

3. A fuel consisting essentially of a liquid slurry com-
posed of liquid hydrocarbon, and as solid fuel con-
stituents finely divided aluminum metal, and aluminum
stearate, said finely divided aluminum metal having a
particle size of an average of 1 micron and the aluminum
stearate consisting of 0.1 to 5.0% by weight of the finely
divided aluminum metal, said solid fuel constituents
comprising from 1 to 25 parts per 100 parts by weight
of said liquid hydrocarbon. ‘

4. A fuel consisting essentially of a liquid slurry com-
posed of liquid hydrocarbon, and as solid fuel con-
stitnents finely divided magnesium metal and aluminum
stearate, said finely divided magnesium metal having a
particle size of an average of 1 micron, said aluminum
stearate consisting of 0.1 to 5.0% by weight of the finely
divided magnesium metal, said solid fuel constituents
comprising from 1 to 25 parts per 100 parts by weight
of said liquid hydrocarbon,

5. A fuel consisting essentially of a liquid slurry com-
posed of liquid hydrocarbon, and as solid fuel comn-
stituents finely divided aluminum metal and aluminum
stearate, said finely divided aluminum metal having a
particle size of an average of 1 micron, said aluminum
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stearate consisting of 0.1 to 5.0% by weight of the finely
divided aluminum metal, and said fuel mixture com-
prising 1 to 25 parts of said solid fuel constituents to
100 parts by weight of the liquid hydrocarben.

6. A fuel composition consisting essentially of a liquid
slurry composed of metal particles which are coated
with a metallic soap, the metal particles being dispersed
in liquid hydrocarbon, said metal particles being selected
from the group consisting of aluminum, magnesium, ti-
tanium, zirconium, zinc and tin, said metallic soap being
selected from the group consisting of a metallic soap
of aluminum, magnesium, titanium, zirconium and tin,
and comprising 0.1 to 5.0% by weight of the metal par-

" ticles, and said metal particles constituting from 1 to 25
parts per 100 parts of said liquid hydrocarbon,

7. A fuel composition consisting essentially of a liquid
slurry composed of metal particles which are coated with
a metallic soap, the metal particles being dispersed in
liquid hydrocarbon, said metal particles being selected
from the group consisting of aluminum, magnesium, ti-
tanium, zirconium, zinc and tin, and said meiallic soap
being selected from the group consisting of metallic soaps
of aluminum, magnesium, titenium, zinc and tin, and
comprising 0.1 to 5.0% by weight of the metal particles
and said metal particles consisting of from 1 to 25 parts
per 100 parts of said liquid hydrocarbon.

8. A fuel composition consisting essentially of a liquid
slurry composed of metal particles which are coated with
a metallic soap, the metal particles being dispersed in
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liquid hydrocarbon, said metal particles being selected
from the group consisting of aluminum, magnesium, tita-
nium, zirconium, zinc and tin, said metallic soap being
selected from the group consisting of metallic soaps of
aluminum, magnesium, titanium, zinc and tin, said metal-
lic soap consisting of 0.1 to 5.0% by weight of the metal
particles, and said metal particles constituting from 1 to
25 parts per 100 parts by weight of said liquid hydrocar-
bon.
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